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I. INTRODUCTION

The development of metal construction for aircraft has
created a need for acecurate and detailed information re-
garding the strength of riveted Jjoints in aluminum-alloy
structures. To obtain this informatlon the National Bureau
of Standards in cooperation with the National Advisory Com-
mittee for Aeronauntics is investigating the strength of
riveted joints in aluminum alloys.

The strength of riveted Joints may be influenced by
the form of the head, the ratio of the rivet diameter %o
the sheet thickness, the driving stress, and other factors.
This note gives the regults of tests to develop the rivet-
ing technique for test specimens and to determine the ef-
fects of these factors.

II. MATERIAL

Both rivets and sheet were of alloy 178T. The mechan-
ical properties of the rivets conformed to Navy Department
Specification 43R5b for Rivets and Rivet Wire and Rod,
Aluminum and Aluminum Alloy (Aireraft Use) Grade C¢. The
mechanical propertics of the sheet conformed to Navy Depart-—
ment Specification 47A3b, Aluminum Alloy (Aluminum-copper~
magnesium-manganese), sheeot and plate, physical condition
type 2, heat-treated. - : :

411 rivets were 1/4 inch in diameter and were manu-
factured from the same coil of rivet wire. Typical me-
chanical properties of the wire in the heat-treated condl—
tion are gilven in tadble I.

The sheets were 16 inches wide, 14 feet long, and of
the following thicknesses: 0.051 inch, 0.081 inch, 0.102
inch, and 0.125 inch. Typical mechanical properties of
the sheets are given in tadble I1I.
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TABLE I. Typical Mechanical Properties of 1/4-Inch

Rivet Wire in the Heat-Treated Conditilon

Specimen Tield ' Tield Elongation in
number strength, strength, 4 dlameters,
1b./1in.® 1p./1n.B percent
1 34,750 58,710 28.0
2 34,700 58,430 31.0
3 34,800 58,350 28.6
4 33,400 58,2380 28.8 -
5 35,000 58,810 28.0
6 34,500 58,350 28,0

TABLE II. Typical Mechanical Properties of 17ST Sheets

Sheet Yield Tensile "Elongation in
.thickness, strength, strength, 2 inches
in. 1b./4in.B 1b./in.2 percent
0.051 L* 40,800 6C, 630 -
40,200 59,050 21
051 m* 35,800 59,270 22
35, 600 58,920 21
.081 I 39,700 60,260 24
431,700 61,080 - 23
081 7T 35,400 59,890 23
36,400 60,010 22
« 102 L " 42,900 61,470 . 22
44,000 62,540 22
.102 T 37,400 61, 680 22
37,000 61,010 - ' 22
125 T, 40,300 60,800 . 22
43,000 _ 59,940 20
s125 T 35,400 58, 320 : ——

*L = longitudinal; T = transverse.
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III. TYPES OF EEAD

The following combinations of types of head were used
in mpking specimens: T

Driven head Manufactured head
round with round
nushroom ! mushroom
button L round
brazier i brazier
cone point n round
flat u round

The head proportions are shown in fignre 1. The di-
mensions given conform to FNavy specificatiom 43R5b for all
types except the cone point and the mushroom.* The cone -
‘point is a type of head recommended by the Aluminum Com-
pany of America for driven heads. Among the advantages
claimed for it are completeness of the head at low driving
stress, adeguate tensile strength, ease of maintaining
concentricity with the shank, the fact that one set may be
used to drive several sizes of rivet, and satisfactory ap-
pearance. At the present time cone-point heads arse not
supplied by the manufacturer.

The rivet sets were machined to fit the heads,. using
the dimensions of figure 1, except for flat and cone-point
heads. The set for flat heads consisted simply of a flat
hardened-steel bearing surface. For cone~point heads the

set had a cone-~shaped bearing surface.

‘IV. PREPARATION OF SPECIMENS

l. Rivets

Figure 2 shows 2 Jjig for cutting the rivets to the
exact length required for driving. It is adjustable to
any desired grip (total sheet thickness) and head allow-

*Using dimensions given in Specification 43R5b for musghroom
heads, the arcs forming the head contour do not meet in a
common tangent. For this reason, in making rivet sets, the
dimension R = 1.5634 was substituted for the specified_
dimension R = 1,6344,
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ance (length of shank projecting from the sheets to form
the driven head).

The rivets were hegt-treated by submerging them for
15 minutes in & bath of sodium nitrate held at 940° P. and
then quenching in cold water. They were driven within one
hour after quenching. Specimens were held at room temper-
eture and tested two weeks after driving the rivets.

2. Sheets

The. shcets were cut to size by either sawing or shear-
ing. To insure uniféermity the holes were subdrilled, then
reamed., A hole size was chosen that would insure that the
largest rivet meeting the diameter tolerance would enter
the hole freely. For this purpose the plus tolerance
(0.004 in.) of the rivet diameter was added to the nominal
diameter (0.250 in.), and a gspecial reamer equal in dlame-
ter to the next 1arger commercial drill size (F, 0.257 in.)
was used,

3« Riveting

All riveting was done by the "squeeze" method. The
load was applied in a hydraulic testing machine, as shown
in figure 3. The upper rivet set is attached to the upper
head of the machine and the lower set rests on the movable
platen. - The sheets were clamped together during rlveting
and were kept in a positlon normal to the rivet axis by
means of a flange and frame centered about the lower rivet
set.

When referring to the pressure applled to the rivet
when forming the head, the term "driving stress'" is used
for convenience. It 18 a nominal stress obtained by di-
viding the maximum driving load by the nominal cross-sgec-
tional area of the shank and is, of course, in all cases
larger than the sctwual stress on the head.

V. DIMENSIONS OF DRIVEN RIVETS
1. Head dimensions
Informatlion was desired on the dimenslons of incom-

plete heads of the several types and the driving stress at
which the dimensions of the driven head approached those
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of the manufactured head. ¥easurements of the depth and
the diameter of the driven head were made on all of the
types shown in figure 1, These are plotted ageinst driv-
ing stress in figures 4 to 9 inclusive, in terms of the
nominal depth and diameter of the manufactured head (scals
at bot;om of graphs) and nominal shank diameter d, (scale
at top

A head allowance H (fig. 4) sufficient to form an
approximately complete head was used. Rivets were driven
at successively increasing driving stresses until the
driven head was practically complete or until severe radial
buckling and separation of the sheets had occurréd. The
cone~point head was found to be the only type which could
be driven to its full nominal diameter without excessive
buckling of the sheets.

It is difficult 1o SXpress quantitatively the amount
of such buckling and it is realized that the permissible
amount probabdly varies for different applications. How-
ever, it may be saild that a marked buckling and appréciabdble
separation of the sheets began to occur for 4/t = 2.0 _at

about 325,000 1b./in.%2 for all joints, and at lower driv-
ing stresses when d/t was 2.0 and above.

It was found that the diameter of the driven head gg§
affected very little by the head allowance H, as shown
in figure 4 for round-head rivets. The diameters of flat
heads, figure 9, showed a similar agreemdnt when H was

1.5 and 1.,754. Only the curve for H = 1.54 1is plotted.

The several types of driven hesds had nearly the same
diameter at the same driving stress. The greatest differs
ence was between the button head (fig. 6) and the flat head
(fig. 9), which had diameters of approxlmately 1.60d and
1.82d4, respectively, at 250,000 1b./in.? driving stress.

Eccentricity of the flat heads occurred frequently
when care was not gxercised in sligning the shank normal
t® the sheets before driving. This ef;ect was not pro-
nouvnced for other types of head.

The brazier head was less complete when buckling of
the sheets commenced than any of the other types. The
nigh driving stress which it requires is doubtless due to
its large diameter, shallow contour, and sharp edge.
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The driving stress required to form a complete cone~
point head (about 175,000 1b./in.2) was less than the
driving stress required for any of the other types, prin-
cipally becanse of its small diameter. It is evident from
figure 8 that a head allowance of 1.54 1is slightly excess—
ive for the come-point head. ) ’

2. Upssetting of Shank

Upsetting of the rivet shank affects the strength of
a joint because (1) the cold-working changes the proper-
ties of the material, (2) the cross-sectional.area of the
shank 1s increased. Measurements were made to determlne
the relation of the upsetting to driving stress, type of
hepsd, and d/t ratio.

After driving rivets, the sheets were removed by mak-
ing dlametrically opposite saw cuts, then wedging them
apart. The shank of a driven rivet is somewhat tapered
and for high driving stresses has & slight shoulder between
the sheets. The diameter was measured by means of a meas~
uring microscope, at "4y, figure 10, the section at which
shearing failure would occur under single-sghear loading.

The results are shown in figures 10, 11, and 12.
There is no appreciable effect of type of head on the re-
latlon between upsetting and driving stress. The amount
of upsetting of—the shank at a given driving stress was
nearly constant for the three ratios of a/t.,

The measurements of upsetting do not take 1nto account
any elastic increase in diametzr which might have occurred
when the sheets were removed. A rough calculation indi-
cates that this elastic recovery is probadly mnegligilible,
but further measurements are contemplated to determlne its
magnitude.: )

VI. STRENGTH OF DRIVEN RIVETS

1. Bffect of Upsetting

To determine how the mechanical properties of a rivet
shank are affected by the amount of upsetting, the tensille
strength, elongation and ghecaring strength were measured
directly on specimens of rivet wire which had been upset
different amounts immedlately after gquenching, then aged.
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Specimens 0.184.inch in diameter and 5% inches long, were
upset in the fixture shown in figure 13. The specimen B
was lubricated with soap and graphite. A compressive load
was applied in a testing machine through the plunger D.
To insure uniform upsetting the block was then inverted
and the load again applied. A sudden increase in tho load
indicated that the specimen had completely filled the holo.
The amount of upsetting was varied by using holes of.the
following sizes: 0.188 inch, 0.197 inch, 0.203 inch, and
0.219 inch. T T

The tensile strength and elongation in a gage length
of four diameters were determined for the tensile speci~
mens. The specimens for the shearing test were tested in
double shear using the fixture shown in figure 14.

Both the tensile and shearing strengths of the rivet
wire (fig. 15) showed a marked decrease for a small amount
of upsetting, followed by a gradual increase. The elonga-
tion decreased continuously as the upsetting increg§ed.

The tensile and shearing strengths of upset rivet
wire (fig. 15) show almost no variation in the range of
upsetting corresponding to driving stresses used in prac-
tice. (See figs. 10, 11, and 12.) The elongation shows
a considerable decreasc in this range (fig. 15).

No tests were made to determine the effect on the
strength of the slight upsetting of the shank during the
formation of the manufactured head. Because this occurs
while the material is in the annealed temper, the effect
is believed to be small,

2. Shearing Strength of Joints

To determine whether the shearing strength of rivets
depends on the type of head, single-~shear tests were made
on rivets of two types of head. The specimen is shown in
figure 16 and the results in figure 17.

A singlo~shear test specimen was uwsed because it was
believed that any differences in strength due to the type
of head would be greaster tharn in a double-shear test be-
cause of the eccentricity of the ioading. The sheets werec
eight dliamoters wide. The rivet was on the center line
four diameters from the overlapping ends.

There was little difference between the shearing
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strength of the round and cone-point rivetrg. The differ—
ence between the results for the several d/t ratios was
less than the varlation for individual specimens of the
same 4/t ratio.

To determine how the resulis of shearing tests for
upset wire agreced with results of shearing tests of actual
rivets, the shearing strength of the wire after upsetting
was obtained from figure 15 and multiplied by the ratio of
the actual cross—sectional area to the nominal aresa, Ths

strengths computed in this manner for % = 2.5 are shown

by the dotted line in figure 17. In determining the com—-
puted shearing strength, it-was assumed that the effect

of upsetting upon the shearing strength of the 1/4~inch
rivets wds the same as shown in figure 15 for the 3/16-inch
rivet wire. The tensile strength of the 1/4~1nch wire
heat-treated but not upset, wasg only 1.7 percenit lower

than the strength of the 3/16-inch wire.

If it can be shown that the shearing strength of a
riveted Joint can be determined by such a computation, it
is believed that Jointe could be designed on a more ration-
al basls than if nominal values were used. There are obw
vious differences between the conditions obtained iIn the
double~shear test of wire and those in an actuval joint.
Although a good agreement between the computed and ob-
gserved results is evident in figure 17, it is believed
that a further check of this agrecment should be made on
rivets under double-shear loading and of different dlame-
terse

3. Tensile Strength of Joints

Although rivets are seldom intended to carry tenslle
loads, there are some appllcations where the tensile
strength of the rivet is a consideration and where infor-
mation regarding the strongth of the head under tensile
load would be useful., '

Tenslle tests were made of all the types of head
shown in figure 1. As 1t was dosired to test actual riv-
eted Jjoints, the form of specimen shown in figures 18 and
19 was used. It consists of two square sheets riveted to-
gether at the center. PBach is fastened to one of the
flanges (fig. 19) by four cap screws. Holes to provide
clearance for the screw heads are drilled in the opposite
sheet and flange. A tensile load was applied Dy coanect-
ing the flanges to the testing machine through spherical
bearings. -
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Although the tensile strength of riveted joints de-
pends on the design of the fixture and specilmen, it 1is
believed that the results obtailned afford a valid basis
for comparing different types of head under tensile load.
The results are plotted in figures 20.to 25, inclusive.
The nominal cross~gectional area of the rivet was used in
computing stresses. ) -

In general, for the lower ratios of d/t, the driven
heads pulled through the sheet when the driving stress was
below a2 critical value. When higher driving stresses were
used, cither the shank failed in tension or the head
sheared from the shank around the shank circumference. Ex-
copt iIn the cases of the flat and brazier heads, all joints
having a 4/t ratio of 3.1 and greater, failed by pulling
the -driven head through the sheet. z

All of the brazier-head rivets except those of the
highest 4/t ratio failed by shearing of the manufactured
head, The strength showed little variation with driving
stress, but increasged with a decrease in the d/t ratio.
The latter effect is probably caused by the "dishing" of
the -sheets under load., The effect of such dishing in a
shallow rivet head of large diameter is to bend the ghoul-
der of the head away from the shank. The résulting con-
centration of bending stress at the shank contributes to
shearlng failure of the head. As the d/t ratio is in-
creased the "dishing" becomes more marked and higher bend~
ing stresses result. -

Figure 25 shows that the tensile strength of the flat-
head rivets is reduced 1f the depth becomes too small due
to excessive driving stress. : ——

VII. DETORMATION OF SHEETS

The upsetting of the rivet shanlt during driving pro-
duces a considerable radial compressive siress ian thae
shaotss If the driving stress is excessive this causes
the buckling and separation of the sheets already noted.

To determine whether there was a relation between
the radial deformation of the sheets and the driving
stress at which buckling occurred, moasurcments of the ra-
dial deformation werc made with the results shown in fig-
ures 26, 27, and 28. The specimen is shown in figurec 26.-
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Joints were made with rivets of three types of head and
three. ratios of 4d/t. Gage circles 244 in diameter wers .
seribed concentric with the rivet hole on both externsl
surfaces of the sheets. The increase in the diameter cf

the gage circle caused by driving the rivet was meagured

for two mutually perpendicular digmeters - on each sheet by
means of a measuring microscope. . . -

It is apparent that the--deformation commences at low
driving stresses and increases continuously. No correla-
tion with the driving stress at which buckling occurred
was noted. Some differences in the amount of deformation
produced for round, mushroom and cone-point heads are evi-
dent, but these differences appear to be too small to form
a baSis of preference.

¥IIili. CONCLUSIONS

1. Complete heads of the round, button, mushroom,
and brazier types could not be driven by the "squeeze”
method because excessive bdbuckling and separation of the
sheets occurred when the driving stress was sufficlent to
complete the head. Complete cone~point heads were drlven
without buckling of the sheets.

2. Although the cross—-sectional area of a rivet 1is
increased by driving, the shearing strength, tensile
strength, and elongation of the material are decreased.
The shearing strength of a driven rivet, computed from
measurements of shank upsetting and the strength of upset
material agrees closely with test results.

3., Fallure of riveted Jjoints under temnsile loading
cccurred by rupture of the sheets when the driven heads
had less than the following dlameters (a), approximately,

a/s | = o S
2.0 1.54 . .
2.5 1.74

For larger diameters failure occurred either. in the shank
or the menufactured head. ¥For &/t fatios above 3.1, 1t
was impracticable to obtain g head diameter such that

fallure of the rivet occurred. The head gllowances used
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in riveting the tensile specimens were sufficient to pro-
vide adequate shearling strength of the driven head for all
types except the flat head.

4., It was found impracticable to use measurements of
radial deformastion in the sheets as a criterion of exces~
sive buckling.
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X« PROGRAM FOR FUTURE TESTS

To determine whether the shearing strength of a riv-
eted joint can be computed from the cross-sectional area
and shearlng strength of the material after upsetiing,
double-shear tests of riveted Joints will be made. Addi-
tional tests are believed desirabdle on rivets of other agl-
loys such as Al17ST, 248T, and 538W. The contemplated tests
of these sdditional alloys are confined to a determinatlion
of the head dimensions and a study of the effect of upset-
ting upon the mechanical propertles of the shank, A stock
of rivets of the above alloys is being procured, also sheets
in alloys 248T, 24SRT, and alclad 24 ST,

After these tests are complsted an investigation &f
tho strongth of typical riveted Jjoints will be made ta
provide design data.

National Bureau of Standards,
Washington, D. C., QOctober 1936.
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Figs.2,3
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Figure 3.- Jig for cutting rivet shanks to obtain any desired grip end head allowance.

Each notch A corresponds to one diameter of rivet (from 1/18 to 3/8 in.).
The length of the notches is 1 1/3 times the rivet diameter. Spacers B, each equal to.
4/4, are inserted under the rivet head to provide head allowances larger than 1 1/34
when desired. Additional spacers 0, equal to the thickness of the sheets, are similarly
ingerted to obtain the grip allowance. Tightening the thumb sorew oclamps the rivet by
pivoting the arm D on a movedle pin for which & series of holes, corresponding to the
notchea. ia drilled in the back of the blogk

Figure 3.- Jig used to drive rivets by the "gqueeze" method. The load ia applied in a

hydrsulic testing machine. The holes in the ends of the specimen are aligned
with the rivet hole and are used to connect the specimen to the testing machine when
testing the joint.
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Figure '4.- Dimensions of driven round heads.
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Figure 12.- Upsetting of shank produced by driving, i/t = 3.1.



Figurs 13.- Fixturs f0oT upsetting rivet wirs. The ingids diameter of

the split bushing A is elightly la.r§u than the gpecimen
B; tha block G gontaina a hole in whigh the 'l_’_\u_n_Lno ia g"-m and
rests on t.e base E; the load is u.ppliod between the plungcr D and
the bage E e

Figure 14.- Double shesr fixture for testing rivet wire.
The apscimen A ia ingerted in holes in the
hardanad stesl plates B (outer) and 0 {inner) which are
connacted to the teosting machine. The clearance between
. tha plateg ig adjusted to approximately Q.05 by maans of

| the rpacerl D. Wien the uu.ttl:g edgen at the holes become
| qull they are aherpened by rafacing the plates.
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Figure 15.- Effect of upsetting on mechanical properties of heat-
treated rivet wire. Specimens were upset immediately
after quenching and aged before testing.
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Figure 18.~ B8lngle shear apecimen of riveted joint.

The logding axis is conteinsd in the
pontant surfaces of the speolmen A and tha blooks B.
Thess blocks are oomnected to the testing machine
through spheriocal bearings.

Flgure 19.-~ Flxture for tensiles test
of riveted jolnt.
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Figure 18.- Tensile specimen of riveted joint.



N.A.C.A. Technical Note No. 585 Fig. 20

. é _?
v T i
60,000 1 T
z/ Ve 3
b
1
2.5 4
c/
1 ///
40,000 .
0. /
a {
y !
\: 3.1 Id/
- K=
~ t
=2
%0 30,000
-+
a
(0]
4
o
1]
]
©
E
20,000
) Round head
’ H=1.75 4
10,000 i
Pailures
. 1. Sheet (at hole)
2. Shank (tensile)
! 3. M'f'd head (shear)
i !
- ] ! i
0 100,000 200,000 300,000 400,000

Driving stress, lb./in?

Figure 20.- Tenslle strength of round-head rivets.
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